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ABSTRACT

A HABITAT SUITABILITY INDEX MODEL FOR BLACK BEAR LIVING
WITHIN THE KITTATINNY MOUNTAIN RANGE IN NEW JERSEY

Throughout the past decade, an increase in urbanization and the population of
black bear (Ursus americanus) in New Jersey have caused an overlap of bear habitat and
areas of residential and commercial development (Eriksen 1999). Consequently, the
close proximity of humans to black bear has resulted in a variety of conflicts (Carr and
Burguess 2003). Strategies traditionally used to regulate the numbers and interactions
with bear, such as capture and relocation, euthanization, and the utilization of game hunts
can be limited by their efficiency and predictability of results. New tools are needed to
address the issues of habitat loss, bear population growth, and conflict resolution
associated with the cohabitation of humans and bear. This thesis addresses such a need
by constructing a habitat suitability index model, which computes indices that can be
used to rank various habitats based on their ability to support black bear. Field
application of this model will provide researchers and managers with habitat data useful
in making regional land use and wildlife management decisions involving the target
species.
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CHAPTER 1: INTRODUCTION

General
Black bear (Ursus americanus) once occupied most forested lands throughout
North America and Mexico (Whitaker and Hamilton 1998) (see also Figure 1). Human
induced fragmentation and destruction of habitat has, however, reduced its distribution
across the continent (Rogers and Allen 1987) (see also Figure 2).
Within New Jersey, the clearing of land and unrestricted killing of black bear by
humans had previously reduced the State’s black bear population to less than 100
individuals (McConnell et. al 1997, Carr and Burguess 2004). A combination of species
management by the State, closure of regulated hunting seasons between 1971 and 2003,
and maturation of forested habitat has facilitated the rehabilitation and expansion of the
population (Carr and Burguess 2004).
Black Bear-Human Conflict
Recent increases in urbanization and the population of black bear within New
Jersey have caused an overlap of bear habitat with areas of human development (Eriksen
1999). Consequently, municipalities have reported an increase in the occurrence of black
bear complaints ranging from raids on bird feeders to attacks on livestock and humans
(Wolgast et al. 2005) (see Table 1).
Between 1999 and 2005, a total of 8,710 incident complaints involving black bear
activity were reported to the Wildlife Control Unit of the New Jersey Division of Fish
and Wildlife (NJDFW). Of those reported complaints, 6,368 (73%) involved nuisance
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Figure 1. Historical distribution of black bear within North America
(http ://biology.usgs.gov).
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Figure 2. Distribution of black bear within North America as of 1994
(http://biology.usgs.gov).
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Table 1. Number of black bear complaints reported to the Wildlife Control Unit of the
New Jersey Division of Fish and Wildlife between 1999 and 2005 (P.C. Carr, NJDFW,
personal communication, Wolgast et al. 2005).
Incident Type
Nuisance
Garbage
Birdfeeder
Protected Hive
Unprotected Hive
Livestock Kill
Rabbit Kill
Unprovoked Dog Attack
Provoked Dog Attack
Home Entry
Aggressive
Campsite/Park
Urban Removal
Property Damage
Human Attack
Attempted Home Entry
Agricultural Damage
Tent Entry
Vehicle Entry
Total
*
**
***

1999
468
496
274
4
19
25
28
12
***
29
34
28
10
232
0
*
*
*
*
1,659

2000
483
290
202
7
16
22
38
17
***
29
51
22
7
191
0
*
*
*
*
1,375

2001
357
269
137
0
13
36
57
6
***
29
37
5
12
123
1
5
5
2
2
1,096
**

2002
525
379
137
2
24
27
34
15
***
55
28
10
19
111
1
25
9
5
6
1,412
**

2003
357
503
89
3
9
17
38
11
22
53
19
1
11
132
2
23
5
4
9
1,308
**

2004
229
282
59
5
5
24
27
5
4
24
7
3
12
44
1
10
10
2
3
756
**

2005
387
358
87
2
9
24
15
8
4
29
21
0
38
83
1
23
8
3
4
1,104

Separate Incident Type beginning in 2001
Does not include calls handled by Police
New Incident Type for 2003

4

activity, garbage, or birdfeeders. Six complaints (0.0006% of reported complaints)
involved an attack on humans; though no differentiation was made between provoked or
unprovoked attacks (P.C. Carr, NJDFW, personal communication, Carr and Burguess
2004, Wolgast et al. 2005).
A variety of extraordinary cases such as those involving attacks on humans, pets,
and livestock were also reported to and documented by local news publications. Article
headlines featured within such news publications include, but are not limited to: “Black
bear scales fence, mauls Jersey man; West Milford homeowner attacked in yard trying to
protect his pet dog” (The Star-Ledger 5/24/03 p. 1); “Woman fends off attack from bear;
Hiker sustains welts in freak encounter” (The Star-Ledger 8/12/03 p. 13); “Police kill
bear at a rural New Jersey home” (The New York Times 12/25/03 p. B6(L) col 4); and
“Pony killed by bear at farm in Sussex; Strength and speed stun victim’s owner” (The
Star-Ledger 3/18/05 p. 19).
The Need for Research
Between 1980 and 2003, the NJDFW managed black bear-human conflicts with
non-lethal measures such as capture and relocation, aversive conditioning, and public
education (McConnell et al. 1997, Carr and Burguess 2004). In 2003 and 2005, however,
the State opened a limited hunt to aid in the controlled management of the State’s black
bear population.
The reinstitution of a hunt was met with fierce opposition from residents and
advocacy groups concerned with the efficacy and morality of utilizing lethal measures to
reduce bear numbers and black bear-human conflicts.
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“Hunting bears to reduce human-bear conflict is like shooting into a crowd of
people to reduce crime. The bears killed are not the ones causing the problems,” stated
the Humane Society of the United States (2004:2).
Paul Kryonak, a deer hunter against the bear hunt, stated “They’re [the State]
having the hunt for all the wrong reasons.” “[Tjhere’s never been an unprovoked bear
attack in New Jersey. They’re creating a dangerous situation with guys wounding bear
which are 10 times more dangerous” he said (Daily Record 2005:2).
“It’s a trophy hunt,” stated a member of the B.E.A.R. Group (Daily Record
2005:2).
In December 2005, fevered opposition to the hunt resulted in the arrest of 10
protesters; charges ranged from disorderly conduct to resisting arrest. One individual
was charged with making terroristic threats (Daily Record 2005, Times Argus 2005).
While passionate opposition to the hunt, such as those indicated above, may not
validate the banning of future bear hunts, it emphasizes the State’s need to explore
alternative strategies for the management of its black bear population.
Specifically, a new study is needed to continue the analysis of New Jersey’s black
bear database and the identification and protection of critical bear habitat (McConnell et
al. 1997). Wolgast et al. (2005) recommended cooperative research with the NJDFW to
expand knowledge about New Jersey’s black bear and to collect scientific information on
which to base management decisions.
Existing Problem
Recent research suggests black bear density in northern New Jersey to be as high
as 3 per square mile (Wolgast et al. 2005). This density is not, however, indicative of
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suitable habitat and may, therefore, be a misleading indicator of habitat quality (Van
Home 1983).
To assess the quality and suitability of regional habitat, the U. S. Fish and
Wildlife Service (USFWS) developed the habitat suitability index model (HSI) (USFWS
1981). Specifically, the HSI model focuses on the measurement of the physical and
chemical resources of a given habitat, and produces an index that can be used to compare
and rank various habitats based on their ability to meet specific physical and
physiological needs of a target species. When utilized in conjunction with Habitat
Evaluation Procedures (HEP), the HSI model can aid in the determination of an impact
assessment or in project planning.
To date, a variety of HSI models have been developed for the assessment of black
bear habitat throughout North America; however, no such model exists for the
assessment of black bear habitat within New Jersey. The lack of such a model inhibits
the accurate and efficient assessment of black bear habitat within the Kittatinny Mountain
Range in New Jersey as well as the collection of regional data for use in making regional
land use and wildlife management decisions.
Purpose of Study
The objectives of this study were threefold: 1) to determine if it is possible to
model black bear habitat within the Kittatinny Mountain Range in New Jersey; 2) to
identify the life requisite variables that influence and sustain the regional black bear
population, including resource availability; and 3) to derive a black bear habitat
suitability index model in accordance with 103 ESM Standards for the Development of
Habitat Suitability Index Models (USFWS 1981).
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In addressing the above objectives, this model will provide scientists and
managers with a previously unavailable tool for use in future conservation efforts and
resolution of New Jersey’s black bear-human conflict.
Operational Definitions
Fallen tree: tree with a minimum diameter of 8.0 inches (20 cm) and 18.0 feet (6.0 m) in
length that is uprooted or snapped from its roots/or trunk and lying all or partly on the
ground.
Habitat Evaluation Procedures’. 101 ESM, 102 ESM, 103 ESM, USDI Fish and Wildlife
Service, Division of Ecological Services, Washington D.C.
Habitat interspersion: the presence of multiple habitat types within a 2.0 square mile (5.2
square km) region.
Habitat quality: degree of excellence as related to resource availability and humanassociated disturbance.
Habitat suitability: the ability of a habitat to meet the physical and/or physiological needs
of a target species.
Habitat Suitability Index: index between 0.0 and 1.0 which represents the suitability of
habitat(s) to target species.
Hard mast: nuts including, but not limited to, acorns (Quercus spp.) and beechnuts
(Fagus spp.), etc.
Highway: Routes 80, 15, 206, 94, 23.
Human associated disturbance: any direct or indirect impact to habitat or biota resulting
from any human activity and/or development.
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Human development: all forms of residential, commercial, industrial, and/or recreational
development of habitat including, but not limited to, the construction of housing
structures, office complexes, industrial parks and/or facilities, schools, recreational parks
and/or facilities, roadways, trails, etc.
Life Requisite Variable: food, water, cover.
New Jersey winter o f2001: December 2001-March 2002; having a mean temperature of
33°F (0.6°C) and mean precipitation of 3.6 inches (90 mm) in Frankford Township, NJ.
New Jersey winter o f2002: December 2002-March 2003; having a mean temperature of
26°F (- 3.3°C) and mean precipitation of 7.02 inches (176 mm) in Frankford Township,
NJ.
Optimal habitat: habitat having a suitability index of 1.0.
Protective cover, landscape cover that is hard to traverse by humans including, but not
limited to, forest, shrub land, and/or wetland cover types.
Snag: standing dead tree with a minimum height of 18.0 feet (6.0 m) and a diameter at
breast height of 8.0 inches (20 cm).
Soft mast: fruits including, but not limited to, blueberry ( Vaccinium spp.), huckleberry
(Gaylussacia spp.), pincherry and chokecherry (Prunus spp.), and juniper berry
(Juniperus spp.), etc.
Zone o f influence: area that encompasses a radius of 0.5 miles (0.8 km) around
residences, commercial sites, industrial facilities, parks and campgrounds; and a radius of
1.0 mile (1.6 km) around designated town centers.
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CHAPTER 2: LITERATURE REVIEW

Black Bear in New Jersey
Distribution.—
Prior to European settlement in New Jersey, black bear occurred statewide (Carr
and Burguess 2004); their presence documented by archeological findings and accounts
of early travelers (McConnell et al. 1997).
As settlers began to inhabit the State, extensive land clearing activities eliminated
wildlife habitat. By 1860, burning, clearing, farming, and the charcoal industry had
rapidly altered the structure of New Jersey forests (McConnell et al. 1997). This
alteration, combined with unregulated killing, reduced the State’s black bear population
to less than 100 individuals (Carr and Burgess 2004, McConnell et al. 1997).
In 1953, black bear was assigned game animal status by the NJDFW and the Fish
and Game Council (FGC), protecting it from indiscriminate killing. This protection,
along with improved habitat conditions, facilitated an increase in population number and
expansion of the species’ range throughout the State (Carr and Burguess 2004). As of
October 28, 2005, reports identified black bear to be present within each of the State’s 21
counties (Wolgast et al. 2005) (see Figure 3).
Statewide population estimates have not been determined; however, NJDFW
biologists calculated the 2005 population estimate for the Eastern and Western study
regions of northern New Jersey to be 1,606 bears (NJDFW 2005a) (see Figure 4).

10

Figure 3. Distribution of black bear within New Jersey as of 10/28/05; data based on
reported sightings (Wolgast et al. 2005:34).
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Figure 4. Graphic depiction of the New Jersey Division of Fish and Wildlife’s eastern
(Bearfort) and western (Kittatinny) study regions (Carr and Burguess 2004:22).
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Management.—
General.
“Black bear can provide a recreational opportunity and esthetic benefit to people
through hunting, photography, and wildlife observation; however, they can also cause
property damage and raise safety concerns for residents and farmers” (Carr and Burguess
2004:3). To assure perpetuation of the species and public safety, NJDFW officials
implement various techniques to manage the black bear population. The degree to which
each technique is utilized varies between years as officials customize management plans
to regional population estimates and specific public concerns.
Historical Management.
Regulated hunting was one of the first management strategies implemented by the
NJDFW after black bear was assigned game animal status in 1953. Through the
adjustment of hunting parameters, i.e. season length and timing, zoning of hunting areas,
and bag limit, etc., hunting seasons can be structured to meet liberal or conservative
harvest objectives and, therefore, prompt population numbers to decrease, increase, or
remain stabile (Maryland Department of Natural Resources 2004).
Held in 1958, and 1962 through 1970, limited black bear hunting seasons yielded
a total harvest of only 46 bears. Because harvest numbers and data collected during the
hunts indicated a relatively small black bear population, the FGC closed the black bear
season in 1971 (NJDFW 2005a).
The 2003 and 2005 Bear Hunts.
In response to estimated population numbers and black bear-human conflicts, the
FGC decided to reopen a limited black bear hunt in 2003 and 2005. Held in December,
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each hunt lasted six consecutive days and yielded a combined harvest of 626 bears from
Sussex (429), Warren (91), Passaic (58), Morris (46), and Bergen (2) Counties (Carr and
Burguess 2004, NJDFW 2005b, Wolgast et al. 2005).
Integrated Management.
Since 1980, the NJDFW has implemented an integrated approach to managing
New Jersey’s black bear. This approach utilizes a combination of various techniques
such as public education, black bear population monitoring and research, and black bear
response and control (McConnell et al. 1997, Carr and Burguess 2004).
New Jersey Division of Fish and Wildlife biologists and public information
specialists have been conducting an enhanced education campaign since 1997 to inform
residents and visitors on how to safely live and recreate in bear country. In addition to
presenting informational programs to schools, camps, towns, police, and service
organizations, the NJDFW issues new releases and service announcements on issues
concerning public safety. Information on black bear biology, history, and bear proofing
techniques is also provided on the Division’s web page fwww.njfishandwildlife.com)
(Carr and Burguess 2004).
Furthermore, population monitoring and research has been conducted since 1981.
Through the trapping and tagging of black bear, biologists analyze the growth and
expansion of the population, its range, and the associated effects on and by human
society. A percentage of captured black bear “continue to be fitted with radio collars and
monitored by radio telemetry to collect information on reproduction, survival, mortality,
movement, and habitat use” (Carr and Burguess 2004:5).
When necessary, NJDFW representatives respond to incident complaints to cease
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unwanted bear activity or behavior. Aversive conditioning is typically implemented,
using such measures as rubber shot, shellcrackers, and/or Black Mouth Yellow Cur dogs
to chase away or tree an offending bear. Occasionally, black bear exhibit behavior that is
a threat to public safety or which causes severe property damage. These individuals are
classified as Category 1 bear and may be destroyed immediately by NJDFW personnel or
trained police officers. Between 2001 and 2003, 77 Category I bear were euthanized in
New Jersey (Carr and Burguess 2004).
Researching Alternative Strategies.
Because some management techniques can be ineffective, inefficient, and/or
unacceptable to the public, the NJDFW has and continues to work cooperatively with
institutions to develop innovative programs and approaches to species management.
The development of regional habitat management techniques is one such approach that is
currently being researched (Wolgast et al. 2005). By monitoring and moderating specific
habitat variables, officials aim to indirectly influence population dynamics and numbers.
Habitat Evaluation Procedures
Origin.—
In 1969, the National Environmental Policy Act (NEPA) required all federal
agencies to employ systematic and interdisciplinary techniques in planning and decision
making. Furthermore, it required methods and procedures to insure non-quantified
environmental amenities and values be given appropriate consideration in management
decisions (USFWS 1980a).
“The need to understand and describe the relationship between wildlife
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populations and alterations in habitat conditions led to the development of the Habitat
Evaluation Procedures (HEP) in the 1970’s” (Van Manen 1991:2). After testing and
subsequent revision in 1980, HEP was published as three components: 1) 101 ESM
Habitat as a Basis for Environmental Assessment; 2) 102 ESM Habitat Evaluation
Procedures; and 3) 103 ESM Standards for the Development of Habitat Suitability Index
Models (USFWS 1980a, USFWS 1980b, USFWS 1981, Schamberger and Krohn 1982).
Description and Use.—
Habitat Evaluation Procedures is based on the calculation of habitat units (HU)
(USFWS 1980b). The relationship:
Habitat units (HU) = Habitat Suitability Index (HSI) x Habitat area
provides for the basis by which regional habitats are inventoried and compared for target
species (USFWS 1980b, Schamberger and Krohn 1982). The HSI is defined as a
numerical index that represents the capacity of a habitat to support target terrestrial
and/or aquatic species. Habitat area is defined as the total area of cover types that are
used or could be used by the target species (USFWS 1980b).
Information provided by HEP can be used to compare the relative value of
different regions at the same point in time or the relative value of the same region at
future points in time. By combining such comparisons, HEP allows for the quantification
of environmental impacts associated with proposed land and/or water use changes
(USFWS 1980b).
Habitat Suitability Index
Description and Use.—
Habitat Evaluation Procedures assumes that habitat for target species can be
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assessed using an HSI. The HSI is a numerical value derived from a combination of
various suitability index (SI) values assigned to regional habitat variables. The HSI and
SI are numerically defined as values between 0.0 and 1.0; of which, 0.0 represents totally
unsuitable habitat conditions and 1.0 represents optimum habitat conditions (USFWS
1981). Because SI values are assumed to have a direct linear relationship to the carrying
capacity of a habitat any change in the HSI corresponds to a change in carrying capacity
(Van Manen 1991). Although HSIs are primarily used within HEP to compute HUs, they
can also be implemented independently to provide insight into regional resource
availability and data for use in the indirect management and perpetuation of the target
species.
Index Model.—
Habitat suitability indices are produced through the feeding of data into an HSI
model designed to assess regional habitat for the target species. These models are
regionally exclusive and focus on describing specific physical and/or chemical habitat
variables. Habitat suitability index models typically include information on the target
species’ use of habitat, model assumptions and relationships, and regional application
(Schamberger and Krohn 1982).
The measurement of habitat quality and the quantification of habitat relationships
are acknowledged to be difficult tasks that affect the reliability of model outputs
(Schamberger and Krohn 1982). To address this hardship, standards have been
developed for modeling species-habitat relationships and can be found within 103 ESM
Standards for the Development of Habitat Suitability Index Models (USFWS 1981).
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Black Bear Habitat Suitability and Use
General.—
Habitat suitability is a function of both the quality and availability of regional life
requisite variables (LRVs) required to sustain and perpetuate a target species or
population. These variables are species specific and satisfy specific physiological and/or
reproductive needs of the species. The collection and interpretation of information
pertaining to regional LRVs and their influence on population dynamics is essential for
the successful management of the black bear population (Rogers and Allen 1987).
Life Requisite Variables
Food.
Despite the species taxonomical classification in the order Carnivora, black bear
function more as opportunistic omnivores (Pelton 2000). Within North America, black
bear have been found to feed on a mixture of vegetation, insects, meat, and anthropogenic
foods such as garbage (Beeman and Pelton 1980, Grenfell and Brody 1983, Heidelberger
2003). Depending on resource availability, a combination of such sources may be
utilized throughout the year; however, black bear typically spend considerable time
feeding on one or two food items when seasonally available (Pelton 2000).
In North America, food consumption has been found to occur in three main
dietary periods: 1) herbaceous plants from emergence to early summer; 2) soft mast crops
from mid-summer to early fall; and 3) hard mast crops from fall to hibernation (Beeman
and Pelton 1980, Grenfell and Brody 1983, Heidelberger 2003).
Correlations between stages of plant development and the frequency with which
black bear associate themselves with certain plant groups during times of peak
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availability suggest that the quality and availability of food resources influence black bear
activity and movement (Amstrup and Beecham 1976), and home range selection
(Garshelis and Pelton 1981, Lyons et al. 2002). In the Great Smoky Mountains National
Park, adult black bear of the same gender were found to establish home ranges of similar
size, most of which overlapped in regions with quality food resources. In such cases,
competition over similar resources during times of scarcity may lead to adverse social
interactions and the exclusion of individuals from traditional home ranges (Garshelis and
Pelton 1981). A sa result, subadult males may inhabit regions with depressed food
availability in order to avoid conflict with adult males (Mitchell and Powell 2003).
Additionally, the quality and availability of food resources have been suggested to
influence black bear physiology and reproduction. Mast crop failures during periods of
crucial weight gain, such as the summer and fall feeding seasons, may affect female
physical fitness during hibernation and lower reproductive capacity (Rogers 1976; Elowe
and Dodge 1989); and short-term reproductive success in males (Kovach and Powell
2003). After seasons of mast crop scarcity, Elowe and Dodge (1989) found female black
bear emerging from hibernation to weigh 25-40% less then during previous years with
mast abundance. Furthermore, they observed females with limited access to food
resources to den earlier and produce fewer cubs than those with sufficient sources. Poor
nutrient conditions caused by reduced quantities of stored fat were suggested to trigger
physiological responses that inhibit the production of lutenizing hormone and result in the
termination of pregnancies. Conversely, the reproduction success of males facing similar
food limitations appears to be related to body size. Access to food allows males a chance
to gain weight and increase in size. Large body size has been found to be advantageous in
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situations involving male-male combat and endurance rivalry and may be favored by
sexual selection if females prefer large males (Kovach and Powell 2003).
Water.
Black bear abundance and habitat use has not been associated with the availability
of water resources within New Jersey. The quantity and distribution of surface water
within the Kittatinny Mountain Range likely provides sufficient access to water (see
Figure 5).
Cover.
In North America, black bear have been found to den under root masses and
trunks of fallen or leaning trees (Tietje and Ruff 1980); in elevated tree cavities (Johnson
and Pelton 1981); rock cavities, brush piles, and nests on the ground (MacKenzie 2003).
The choice of denning location has been hypothesized to hinge on the severity of the
weather conditions at the beginning of the denning period and the need for more
protective cover. During the New Jersey winter of 2001, ground nests comprised 58.3%
of recorded den sites, where as in the more severe winter of 2002, brush piles and rock
dens comprised 75% of recorded sites (P.C. Carr, NJDFW, personal communication,
MacKenzie 2003).
Selected cover types include large impenetrable tracts of land, such as areas of
regional swamps, which provide necessary protection and seclusion from human
disturbances (Landers et al. 1979). Other habitats, such as the closed canopy Douglas fir
(Pseudotsuga menziesii) and Subalpine fir (Abies lasiocarpa) forests, provide sources of
cover, nesting sites, and thermal regulation (Lyons et al. 2002). These provisions are
important because they allow for the majority of a female’s energy to be allocated toward
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Counties
Category One Waters
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Water Bodies
New Jersey

Figure 5. Graphic depiction of surface waters, i.e. streams, Category 1 waters, and water
bodies, located within northwestern New Jersey (www.state.nj.us/dep/gis/depsplash.htm).
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parturition and lactation (Rogers and Allen 1987), which may potentially increase its
cubs’ chances for survival.
Beyond the denning season, black bear wander throughout seasonal home ranges
and are dependent upon escape cover to provide a safe environment secluded from the
negative impacts of human disturbance. Large tracts of closed canopy forest provide cool
areas to rest and travel lanes to elude humans or their activities, while other habitats such
as swamps or regions with dense vegetation limit access by humans or dogs (Landers et
al. 1979).
Special Considerations.—
General.
In certain geographic regions, variables other than the LRV’s indicated above
have the potential to positively or negatively affect habitat suitability. These variables
may include, but are not limited to, the interspersion of habitat and the influence of
human activity and development.
Habitat Interspersion.
According to Hughie (1979), the value of a black bear habitat is directly
correlated to the quality and availability of LRVs. Ideal habitat contains a high degree of
interspersion of cover types, which supply seasonal foods, denning, and escape cover
(Rogers and Allen 1987). In Arkansas, Smith (1985) captured large male black bear most
often in regions of the study area that had the highest diversity in habitat components.
Human Associated Disturbances.
Roads have been suggested to influence bear movement (Mace et al. 1996, Powell
et al. 1996, Gibeau et al. 2002). After observing the frequency of visitations between
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roadside and trailside bait stations within the Pisgah Bear Sanctuary, North Carolina,
Powell et al. (1996) suggested that black bear in the sanctuary and surrounding areas
avoided roadways. Similarly, Gibeau et al. (2002) hypothesized that grizzly bear, which
were observed to be far from roads with low habitat quality, were exhibiting avoidance
behavior; though, such shifts in behavior and movement may only occur when road
densities reach a critical threshold (Brody and Pelton 1989).
Human induced habitat fragmentation can, none-the-less, make the avoidance of
such features impossible. In regions of residential and commercial development,
fragmentation increases perimeter-to-area ratio of a given habitat and thus increases the
potential for wide ranging animals to frequently come into contact with its borders
(Woodroofe and Ginsberg 1998). Because borders provide exposure to human activity
and development, they are associated with high rates of human-caused mortality (Mace et
al. 1996, Beringer et al. 1998).
Features, such as roads, expose black bear to traffic and give humans access to the
black bear population. Within New Jersey, 55 black bear were killed by vehicles and 328
were harvested by hunters during 2003 (Carr and Burguess 2004); analysis of bear killed
in Vernon Township showed that individuals were killed an average of 927 feet from a
road (P.C. Carr, NJDFW, personal communication). In Massachusetts, activities such as
snowmobiling were observed to cause females to abandon their dens, resulting in cub
death (Elowe and Dodge 1989). Similar human induced fatalities, when combined with
those caused naturally, have been suggested to impede the growth of the regional grizzly
bear population in Montana’s Swan Mountains (Mace et al. 1996).
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Existing Habitat Suitability Index Models
General.—
A search of the literature revealed five black bear HSI models constructed for the
assessment of regional habitat within North America, including New England, the Upper
Great Lakes, the southern Appalachian region, the southern Appalachian Mountains, and
west-central Alberta (McLaughlin et al. 1987, Rogers and Allen 1987, Van Manen 1991,
Zimmerman 1992, Zapisocki et al. 1998).
McLaughlin et al. (1987).—
McLaughlin et al. (1987) constructed a draft HSI model for the evaluation of year
round black bear habitat applicable to the conifer-deciduous forests of New England,
including Maine, New Hampshire, Vermont, and Massachusetts. The model uses 16
variables to evaluate the quantity and quality of food and cover resources utilized by bear
throughout the four seasons. They derived Sis for both food and cover variables; from
which, the HSI is assumed to equal the lowest SI value based on the principle of limiting
factors. Because this approach utilized simple mathematics and appears to be user
friendly, model construction may facilitate field use.
Rogers and Allen (1987).—
Rogers and Allen (1987) developed an HSI model for the evaluation of year
round black bear habitat applicable to the Upper Great Lakes Region, which includes
portions of Minnesota, Wisconsin, and Michigan. The model uses 8 variables to evaluate
the quantity and quality of seasonal food resources, as well as the influence of human
activity and development projects on the target species. Through the measurement of
food and human disturbance variables, they derived the habitat suitability index by
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averaging the indices for seasonal foods and multiplying the output by the suitability
index for human influence.
Van Manen (1991).—
Van Manen (1991) constructed an HSI model for the evaluation of year round
black bear habitat applicable to the southern Appalachian region, which includes portions
of Tennessee, Kentucky, Virginia, North Carolina, South Carolina, and Georgia. The
model uses 8 variables to evaluate the quantity and quality of summer and fall food
resources, denning and protection cover, and the influence of human activity and
development on black bear. He disproportionately weighted the value of the food, cover,
and human disturbance Sis; the food index is weighted twice that of the other indices.
The HSI is derived through the averaging of the weighted food, cover, and human
disturbance indices.
Zimmerman (1992).—
Zimmerman (1992) developed an HSI model for the evaluation of year round
black bear habitat applicable within the southern Appalachian Mountains. The model
uses 20 variables to evaluate the quantity and quality of seasonal food, denning, and
cover resources, as well as the regional interspersion of those resources. He derived the
HSI through averaging the food, cover, and denning indices, and multiplying that output
by the index for habitat interspersion. Because this approach requires numerous detailed
measurements, field application may be hindered based on model complexity and
constraints on time and funding. Moreover, the level of detail expressed by this index
(numerous small variables) may unnecessarily increase model error and reduce output
reliability.
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Zapisocki et al. (1998).—
Zapisocki et al. (1998) constructed an HSI model for the evaluation of seasonal
black bear habitat applicable to the Foothills Model Forest in west-central Alberta. The
model uses 6 variables to evaluate the quantity and quality of food and cover resources
during the summer and fall seasons. Unlike previous models, they do not derive one
habitat suitability index or designate one SI to be used in the assessment of regional
habitat. Instead, they calculate Sis for cover and foraging habitat components; each of
which is averaged with two variables representing habitat effectiveness. Using the
equation: HU = HSI x Habitat area, a habitat is assumed to be suitable for black bear only
when a minimum of 2,000 HUs of effective cover and 4,500 HUs of effective foraging
are available.
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CHAPTER 3: HABITAT SUITABILITY INDEX MODEL

Model Applicability
Geographic Region.—
This model was developed for application in the Kittatinny Mountain Range in
northwestern New Jersey (Western study region), which includes approximately 230
square miles of territory adjacent to the Delaware River and north of Interstate Route 80
(see Figure 4). Applicable townships include Montague, Sandyston, Walpack, Frankford,
Hampton, Stillwater, Hardwick, Blairstown, and Hope.
Season.—
This model was developed to assess the year-round suitability of black bear
habitat in the above geographic region.
Applicable Cover Types.—
Cover types to which this model can be applied include, but are not limited to:
Cropland-Pastureland (CP), Deciduous Forest (DF), Coniferous Forest (CF), Mixed
Forest (MF), Deciduous Brush-Shrubland (DBS), Coniferous Brush-Shrubland (CBS),
Mixed Brush-Shrubland (MBS), Old Field (OF), Deciduous Wooded Wetlands (DWW),
Coniferous Wooded Wetlands (CWW), Mixed Forested Wetlands (MFW), Deciduous
Scrub-Shrub Wetlands (DSSW), Coniferous Scrub-Shrub Wetlands (CSSW), Mixed
Scrub-Shrub Wetlands (MSSW), Herbaceous Wetlands (HW), Recreational Land (RL),
Residential-Rural-Single Unit (RRSU), Residential-Single Unit-Low Density (RSULD),
Residential-Single Unit-Medium Density (RSUMD), Commercial and Services (CS),
Industrial (I), and Transportation-Communication-Utilities (TCU).
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Minimum Habitat Area.—
Minimum habitat area (MHA), as defined by Rogers and Allen (1987), is the
minimum amount of habitat needed to sustain a viable population. In Massachusetts,
Elowe (1984) suggested that a minimum area of 154.5 square miles was necessary to
support a population with 15 breeding female black bears. Because black bear living
within northwestern New Jersey have access to both natural and anthropogenic resources
throughout the tri-state area, a traditional MHA may not accurately apply to the regional
population.
The area intended to be evaluated using this model is the average size of a home
range for female black bear living within northern New Jersey, which is 2.0 square miles
(5.2 square km) (MacKenzie 2003, Carr and Burguess 2004). If necessary, model
components may be estimated and applied to smaller regions as guidance for resource
enhancement, though these regions are not likely to fully support a viable black bear
population.
Verification Level.—
The variables and habitat associations identified in this model have been reviewed
by biologists with the NJDFW. The model has not been tested in the field.
Model Assumptions
In addition to the assumptions inherent with the use of HSI models identified in
103 ESM Standards for the Development of Habitat Suitability Index Models (USFWS
1981), this model has been constructed based on the following:
1. Food and protective cover, as reflected by SI values, are assumed to have equal
value in the definition of suitable black bear habitat.
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2. Optimum food conditions can occur only if all food categories are available.
3. Water is not a limiting resource.
4. Human activity and development directly affects the suitability of black bear
habitat.
Model Description
Overview.—
Within northwestern New Jersey, habitat quality is determined to be a function of
the quantity and quality of food resources and the availability of land cover; however,
regional disturbance associated with dense human activity negatively affects habitat
suitability. This model is comprised, therefore, of three major components: food, cover,
and disturbance. Each component is comprised of one or more variables. In all, eight
variables are utilized to assess habitat suitability for black bear living within the
Kittatinny Mountain Range in New Jersey (see Figure 6).
Food Component.—
Herbaceous Vegetation.
Herbaceous vegetation serves as one of the first food sources available to black
bear after they emerge from their dens in early spring. Vegetation such as skunk cabbage
(Symplocarpus foetidus), sedges, horsetails (Equisetum spp.), and grasses provide
essential calories that supplement fat reserves until the availability of soft mast in the
summer season (Beeman and Pelton 1980, Grenfell and Brody 1983).
Within northern New Jersey, Heidelberger (2003) found herbaceous vegetation
such as grasses, leaves, and skunk cabbage to be present in 70% of the bear stomachs
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Variable

Component

r—Food

HSt

.(Vi)

Percent cover of herbaceous vegetation

.(V2)

Percent cover of soft mast shrub species

{V3)

Dead wood; snags and fallen trees

(V4)

Percent cover of hard mast tree species

(V5)

Stand age of hard mast tree species

—Cover----------------(Vö)

Percent composition of protective cover types

■(V7)

Open road density of major highways

.(V8)

Zone of influence

—Disturbance

Figure 6. Tree diagram depicting the relationship of habitat variables and model
components to the habitat suitability index for black bear living within the Kittatinny
Mountain Range in New Jersey.
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sampled. Moreover, vegetation was the most common food source found within
stomachs sampled during the spring season.
To indirectly measure the availability of herbaceous vegetation within the study
area, this model proposes utilizing the following variable: the percent of evaluation area
with at least of one of the following: 1) permanent canopy opening; 2) forest-field edge;
and/or 3) wetland cover types (see Figure 7). Suitability is assumed to be optimal when
35% or more of the evaluation area consists of at least one of the above parameters.
The SI for herbaceous vegetation (SIhv) is expressed in equation 1:
SIhv = SIV!

(1)

Soft Mast.
Because soft mast is high in sugars and carbohydrates, it serves as one of the first
nutrient rich food sources available to black bear after they emerge from their dens. As a
result, “soft mast helps to enable black bear to recover from energy deficits incurred
during the winter and spring seasons” (Rogers and Allen 1987:2).
In northern New Jersey, Heidelberger (2003) found soft mast to be the most
common food source utilized during the summer months. Although fruits such as
blueberry ( Vaccinium spp.), juniper berry (,Juniperus spp.), chokecherry and pincherry
(Prunus spp.) were found to be present in 58% of the stomachs sampled, NJDFW
researchers have found blueberry and huckleberry (Gaylussacia spp.) to be the two
primary soft mast resources utilized by black bear living within the Kittatinny study area
(P.C. Carr, NJDFW, personal communication).
To indirectly measure the availability of soft mast within the study area, this
model proposes utilizing the following variable: the percent cover of soft mast producing
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V!

Percent of evaluation area with at least 1
of the following:

I)
II)
III)

Permanent canopy opening
Forest-field edge
Wetland cover types (not including open water)

Figure 7. Relationship between the percent of evaluation area with at least one of three
characteristics (Vi) and the index value used to evaluate the suitability of herbaceous
vegetation resources within the Kittatinny Mountain Range in New Jersey.
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species within the shrub/ground cover layer (see Figure 8). Suitability is assumed to be
optimal when 25% or more of the evaluation area is covered by soft mast producing
shrub species.
The SI index for soft mast (SIsm) is expressed in equation 2:
SIsm = SIV2

(2)

Colonial Insects.
Insect resources serve as valuable sources of protein (Beeman and Pelton 1980).
Within Stokes State Forest, NJDFW researchers have observed black bear spending
considerable time foraging for insects (P.C. Carr, NJDFW, personal communication).
Heidelberger (2003) found insects such as bees and ants to be present in 24% of the
stomachs sampled.
To indirectly measure the availability of colonial insects within the study area,
this model proposes utilizing the following variable: the number of snags and fallen trees
>8.0 inches (20 cm) in diameter per acre (see Figure 9). Suitability is assumed to be
optimal when 2.5 or more snags/fallen trees > 8.0 inches (20 cm) in diameter are
available per acre.
The SI for colonial insects (SIci) is expressed in equation 3:
SIci = SIV3

(3)

Hard Mast.
Hard mast, such as acorns (Quercus spp.), is a valuable source of essential fats
and carbohydrates (Goodrum et al. 1971); and black bear in eastern North America have
been found to rely heavily upon them throughout the summer and fall seasons (Cottam et
al. 1939, Beeman and Pelton 1980, Grenfell and Brody 1983, Heidelberger 2003).
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V2

Percent of evaluation area covered by soft
mast producing shrub species

Figure 8. Relationship between the percent of evaluation area covered by soft mast
producing shrub species (V2) and the index value used to evaluate the suitability of soft
mast resources within the Kittatinny Mountain Range in New Jersey.
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V3

Number of snags and fallen trees per acre;
8.0 inches (20 cm) in diameter or greater

Figure 9. Relationship between the number of snags and fallen trees >8.0 inches (20 cm)
in diameter per acre (V3) and the index value used to evaluate the suitability of colonial
insect resources within the Kittatinny Mountain Range in New Jersey.
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Between July and late fall, black bear in northeastern Minnesota were observed foraging
greater than 4.3 miles outside their typical range in order to exploit an abundant mast
resource (Rogers 1987).
In northern New Jersey, Heidelberger (2003) found nuts such as acorns and
beechnuts (Fagus spp.) to be present in 44% of the stomachs sampled.
To indirectly measure the availability of hard mast within the study area, this
model proposes utilizing the following 2 equally weighted variables: 1) the percent cover
of hard mast producing species within the tree canopy layer of the evaluation area; and 2)
the percent of hard mast producing species > 25 years old (see Figure 10). Suitability is
assumed to be optimal when 40% of the evaluation area is covered by hard mast
producing tree species, and 40-80% of hard mast producing tree species are > 25 years
old. A stand with more than 80% of hard mast producing trees > 25 years old may inhibit
successful regeneration (Van Manen 1991).
The SI for hard mast (SIHm) is expressed in equation 4:
SIhm = (SIV4 + SIV5) / 2

(4)

Food Component Index.
In northern New Jersey, each of the above food categories supply crucial calories
and nutrients for black bear throughout the year. As a result, suitable black bear habitat
must exhibit characteristics of each food category to meet the seasonal needs of the black
bear population.
Derivation of the food component index involves the equal weighting of each of
the four food categories to reflect their importance and percent composition within the
diet of the regional bear population; herbaceous vegetation, soft mast, hard mast, and
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V4

Percent of evaluation area covered by
hard mast tree species

V5

Percent of hard mast producing tree
species 25 years old or greater

Figure 10. Relationships between the percent of the evaluation area covered by hard
mast tree species (V4), the percent of hard mast producing tree species 25 years old or
greater (V5), and the index values used to evaluate the suitability of hard mast resources
within the Kittatinny Mountain Range in New Jersey.
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colonial insects each comprise approximately 25% of the diet (P.C. Carr, NJDFW,
personal communication).
The SI for food (SlFood) is expressed in equation 5:
Stood = (SIhV+ SIsm + SIci + SIhm) / 4

(5)

Cover Component.—
Protective Cover.
In northern New Jersey, black bear utilize wetland, shrubland, and forested cover
types to den and travel (Fimbel et al. 1991, MacKenzie 2003). Landers et al. (1979)
found black bear using similar cover types to escape human disturbances. As a result, this
model has grouped them into one category, protective cover, in order to simplify the
assessment of habitat suitability based on needs and uses of black bear.
To indirectly measure the availability of protective cover within the study area,
this model proposes the following variable: the percent of evaluation area composed of
protective cover types (see Figure 11). Suitability is assumed to be optimal when 50% or
more of the evaluation area consists of protective cover types.
The SI for protective cover (SIcover) is expressed in equation 6:
SIcover = SIV6

(6)

Cover Component Index.
In this model, the SI for protective cover, equation 6 above, functions as the SI for
the cover component.
Disturbance Component.—
Roads.
Less traveled roads serve as corridors for travel and foraging, while roads with
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V6

Percent of evaluation area(s) composed of
protective cover types

Figure 11. Relationship between the percent of evaluation area composed of protective
cover types (Ye) and the index value used to evaluate the suitability of protective cover
resources within the Kittatinny Mountain Range in New Jersey.
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dense traffic such as highways have the potential to fragment habitat and prevent safe
dispersion of the regional population. Previous studies suggest that bear populations with
exposure to roads experience increases in population mortality (Mace et al. 1996,
Beringer et al.1998, Carr and Burgess 2004).
Across northern New Jersey, highways, such as Route 80, 15, 206, 94, and 23 are
associated with heavy traffic and frequently expose the regional black bear population to
road-associated disturbances that have the potential to affect their movement and
mortality.
To indirectly measure the impact of highways on the regional black bear
population, this model proposes the following variable: open road density of major
highways in the evaluation area (see Figure 12). Suitability is assumed to be optimal
when there are 0 linear miles of highway per square mile of evaluation area.
The SI for roads (SIrd) is expressed in equation 7:
SIrd = SIV7

(7)

Zone of Influence.
According to the U.S. Census Bureau (2000), New Jersey has a human population
density of 1,134 people per square mile, which is more than 14 times the national
average. Human density, in addition to an increase in human development projects and
growth of the regional black bear population, has led to the regional cohabitation of
northern New Jersey by both humans and black bear. Consequently, the close proximity
of humans to black bear has resulted in a variety conflicts (Carr and Burguess 2003). For
a comparison of black bear complaints over time see Figure 13.
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V7

2
Open road density in mi/mi" of evaluation
area
Figure 12. Relationship between the open road density of highways in mi/mi«2 of
evaluation area (V7) and the index value used to evaluate the suitability of habitat
impacted by road-associated disturbance within the Kittatinny Mountain Range in New
Jersey.
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Figure 13. Bear complaints compared over time; does not include reported sightings.
(P.C. Carr, NJDFW, personal communication, Wolgast et al. 2005).
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Because black bear-human conflicts may both directly and indirectly affect black
bear movement and mortality, suitable black bear habitat should have minimal overlap or
interaction with regions of human activity and development.
To indirectly measure the impact of human activity and development on the
regional black bear population, this model proposes utilizing the following variable: zone
of influence surrounding regions of human activity and development (see Figure 14).
The zone of influence is defined as a designated area encompassing human development
features or regions of human activity. This model suggests a radius of 0.5 miles (0.8 km)
around residences, commercial sites, industrial facilities, and campgrounds; and a radius
of 1.0 mile (1.6 km) around designated town centers. Suitability is assumed to be optimal
when 0 percent of the evaluation area is in a zone of influence.
The SI for the zone of influence (SIZi) is expressed in equation 8:
SIzi = SIV8

(8)

Disturbance Component Index.
In northern New Jersey, disturbances associated with the above categories have
been found to affect the movement and mortality of the regional black bear population
(Fimbel et al. 1991, Carr and Burgess 2004). As a result, both categories have been
equally weighted, with the average of their combined indices equaling the human
disturbance index for this model.
The SI for disturbance (Sloisturbance) is expressed in equation 9:
SlDisturbance = ( V rd + VZl) / 2

(9)
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V8

Percent of evaluation area(s) within zones
of human influence

Figure 14. Relationship between the percent of evaluation area within zones of human
influence (V8) and the index value used to evaluate the suitability of habitat impacted by
development-associated disturbance within the Kittatinny Mountain Range in New
Jersey.
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Habitat Suitability Index.—
The SI for black bear habitat within the Kittatinny Mountain Range in New Jersey
is a function of the following 3 components: 1) quantity and quality of food resources
(SIVi to SIV5); 2) availability of cover (SIV6); and 3) the influence of human associated
disturbance (SIV7 to SIVg). Because each component significantly influences the
survival and perpetuation of the regional black bear population, the HSI is derived by
averaging the component indices as expressed in equation 10:
H.S.I. = (SI foocI

SIcover

Sloisturbance) / 3

(10)

where
SlFood

= suitability index for food (derived in equation 5)

SIcover

= suitability index for protective cover (derived in equation 6)

Sloisturbance

= suitability index for disturbance (derived in equation 9)

Application of the Model
This model is intended for detailed application within the field, which will
provide the most accurate estimate of habitat suitability. Various project constraints may,
however, reduce the availability of time allotted for model application. As a result,
increased use of subjective estimates may decrease the accuracy and reliability of the
model output, and estimates should be appropriately documented (McLaughlin et al.
1987).
Variable definitions, applicable cover types, and techniques suggested for their
measurement are provided in Table 2.
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Table 2. Variable definitions, applicable cover types, and techniques suggested for their
measurement.
Variable

Designation

Definition

Applicable
Cover Types

Suggested
Measurement
Techniques
Plot sampling.

Herbaceous
vegetation
cover (%)

(V,)

The percent of
evaluation area
with at least 1 of
the following: 1)
permanent
canopy opening;
2) forest-field
edge; 3) wetland
cover types not
including open
water.

CP, DF, CF,
MF, DBS,
CBS, MBS,
OF, DWW,
CWW, MFW,
DSSW,
CSSW,
MSSW, HW,
RL

Soft mast
shrub cover
(%)

(V2)

The percent cover
of soft mast
producing species
within the
shrub/ground
layer.

DF, CF, MF,
DBS, CBS,
MBS, DWW,
CWW, MFW,
DSSW,
CSSW,
MSSW

Plot sampling.

Colonial
insects

(V3)

The number of
snags and fallen
logs per acre >
8.0 inches (20
cm) in diameter.

DF, CF, MF,
DWW,
CWW, MFW,
DSSW,
CSSW,
MSSW

Plot sampling.

Hard mast
tree cover
(%)

(V4)

The percent cover
of hard mast
producing species
within the tree
canopy layer.

DF, CF, MF,
DWW,
CWW, MFW,
DSSW,
CSSW,
MSSW

Plot sampling.

Stand age
(%)

(V5)

The percent of
hard mast
producing species
>25 years old.

DF, CF, MF,
DWW,
CWW, MFW,
DSSW,
CSSW,
MSSW

Plot sampling.
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Table 2. Variable definitions, applicable cover types, and techniques suggested for their
measurement (CONTINUED).
Variable

Designation

Definition

Applicable
Cover Types
DF, CF, MF,
DBS, CBS,
MBS, DWW,
CWW, MFW,
DSSW,
CSSW,
MSSW, HW

Suggested
Measurement
Techniques
Plot sampling,
remote sensing,
geographic
information system
analysis (GIS).

Protective
cover

(V«)

Percent of
evaluation area
with cover
types difficult
to penetrate by
humans.

Road density

(V7)

Entire study
Open road
density of major area
highways
within the
evaluation area.

Geographic
information system
analysis (GIS).

Zone of
influence

(V8)

Zone of
influence
surrounding
regions of
human activity
and
development.

Entire study
area

Geographic
information system
analysis (GIS).
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Recommendations
Before this HSI model is implemented in wildlife or land use management
applications, it must first be field tested and revised, if necessary, to incorporate
comments on applicability and model accuracy. Model testing, as well as future
applications of the model, is suggested to focus primarily on the detailed measurement of
food component variables; food resources being an integral part of black bear habitat and
this index. An accurate representation of resource availability will require thorough
sampling of each food category within the field. Evaluation of the protective cover and
human disturbance components are suggested to be made through the use of remote
sensing and/or geographic information system analysis, which currently provide the most
accurate, efficient, and economical means of assessing these components.
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Appendix. Equations used in the derivation of the habitat suitability index (equation #10)
for black bear living within the Kittatinny Mountain Range in New Jersey.
Equation

Equation #
1

SIhv = SIVi

2

SIsM = SIV2

3

SIci = S I V 3

4

SIHM = (SIV 4 + SIV 5) / 2

5

SlFood = (SI hv + SI sm + SIci + SI rm) / 4

6

SIcover = SIV 6

7

SI rd = SIV7

8

SIzi = S IV 8

9

Slöisturbance —(VRD

10

H.S.I. = (SlFood

Vzi) / 2
SIcover

Slöisturbance) / 3
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